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Melting by Electron Bombardment 


THERE are technical difficulties in preparing alloys 
from metals of very high melting point, though the 
successful commercial applications of many high 
melting point metals and alloys makes their metallo- 
graphic study a matter of importance both theoretic- 
ally and practically. Many of the commercial alloys 
are made by the methods of powder metallurgy, but 
production in the molten condition is likely to give a 
more strictly homogeneous material and is preferable 
for alloys intended for physical studies. To obtain 
the uncontaminated alloy the melting must be carried 
out in a vacuum or inert atmosphere in a refractory 
crucible which does not react with the melt. 

As an alternative to high-frequency induction 
heating, when the amount of material is very small, 
R. Hultgren and M. H. Pakkala have constructed.an 
electron bombardment furnace for high temperature 
melting.* In principle electron bombardment is 
very simple. A hot filament is placed near a posi- 
tively charged crucible in a vacuum. Electrons from 
the filament are accelerated by the voltage drop and 
strike the crucible. The kinetic energy of the electrons 
is given up in the form of heat. Thus all the power 
goes directly to the crucible, which may be made as 
small as desired. 

The temperature obtainable is limited only by the 
refractoriness of the crucible employed. The crucibles 
used by Hultgren and Pakkala were made of the pure 
oxides of zirconium or aluminium without a binder, 
and stood inside a tantalum cup (purchased from the 
Fansteel Metallurgical Corporation, North Chicago, 
Illinois), which was spot welded to a tungsten rod 
connected to a high potential. The crucible containing 
the sample was placed within the cup and the cup 
(not the contents of the crucible) was bombarded so 
that the heat was transferred through the crucible 
to the charge by thermal conduction and radiation. 

The main difficulty encountered in operating the 
equipment was gas discharge of electricity caused by 
the gas given off by the sample and its surroundings 
during heating. This makes it necessary to heat 
slowly so that the pump may have time to remove the 
gas as fast as it is given off. Gas discharge forms an 
arc if the rate of heating is too rapid. It was found 
best to begin with a low voltage (perhaps 250 volts) 
while considerable gas is expelled with the first heat. 
Then voltage and milliamperage may be slowly 
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increased while the vacuum gauge is watched for 
signs of too rapid an increase of pressure. After a 
long period of disuse or after new metal is added the 
first melt may require an hour or more, but conditions 
improve with use and the time per melt becomes 
considerably less. The time required will also depend 
on the amount of gas in the sample. 

If the sample has a high vapour pressure at its 
melting point it will be difficult or impossible to melt 
it. Thus great difficulty was experienced with manga- 
nese and with palladium and a large part of the sample 
was lost before melting was accomplished. On the 
other hand, no difficulty was experienced with cobalt 
(m.p. 1480 deg. Cent.), iron (m.p. 1535 deg. Cent.), 
zirconium (m.p. 1700 deg. Cent.), vanadium (m.p. 
1715 deg. Cent.), platinum (m.p. 1755 deg. Cent.), 
titanium (m.p. 1800 deg. Cent.), and iridium (m.p. 
about 2400 deg. Cent.). There were signs that 
vanadium, titanium, zirconium, and iridium had 
reacted with the zirconia crucibles. The use of thoria 
crucibles would be possible and might possibly avoid 
this trouble. 

The power used for melting is rather small; thus 
platinum was melted with 150 watts and the tantalum 
cup itself melted (m.p. 2850 deg. Cent.) with 700 watts. 
The rated capacity of the electrical equipment was 
1250 watts (0-5 ampere at 2500 volts). Chromium 
(m.p. 1810 deg. Cent.) and columbium (m.p. 1950 deg. 
Cent.) were not melted even at very high wattages, 
possibly because of the formation of strong protective 
coatings of oxide round the grains. Ruthenium also 
failed to melt, though the temperature was raised so 
high that the tantalum cup melted. 

Alloys of platinum with tungsten, molybdenum and 
cobalt are being successfully prepared, by the method 
described, for X-ray investigation of the crystal 
structure. The preparation of other groups of alloys 
could be undertaken if the tendency of some metals 
to react with the available refractory crucibles could 
be overcome. 








Inverse Segregation 


Tue subject of inverse segregation has been 
reviewed in several publications during recent years, 
notably in papers by W. Claus! and N. B. Vaughan.’ 
When a liquid alloy (6, Fig. 1) cools to the tempera- 
ture at which freezing begins, the first solid to separate 
is rich in the constituent of higher melting point. 
With further cooling the composition of the separating 
solid (a a’) still continues to be richer in this con- 
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stituent than the residual liquid (6 b’) which solidifies 
last. Thus, in normal segregation the outer regions 
of the ingot which have been the first to solidify 
are richer in the constituent of higher melting point, 
and concentration of the lower melting point con- 
stituent occurs in the central regions. By inverse 
segregation is meant the concentration of the lower 
melting point constituent in the outer regions of 
the ingot (which are nevertheless undoubtedly the 
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Fic. 1-——Liquidus and Solidus of Alloy (Diagrammatic) 


first regions to solidify), and the relative enrichment 
by the higher melting point constituent of the central 
region formed from the residual liquid. 

There have been many attempts at the explanation 
of this phenomenon. These, according to the excellent 
summary prepared by Vaughan, fall into two classes : 

(1) Those in which the assumption is made that 
since the outside of an ingot is richer in the low 
melting point constituent than the centre, therefore 
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FIGs. 2 AND 3—Solidification Zone and Temperature Dis- 
tribution in a Cylindrical Ingot Solidifying from Outside to 
Centre. FiG. 2—Pure Metal or Eutectic. Fic. 3— 
Alloy Solidifying Over a Temperature Interval 


the crystals which separated first were also, for 
some reason, abnormally enriched in that constituent. 

(2) Those in which it is maintained that solidifica- 
tion begins quite normally in a manner predictable 
from the equilibrium diagram, but that at some stage 
ptior to complete solidification the residual liquid 
is forced from the centre to the outer region of 
the casting. The outside is thereby enriched in 


low melting point constituent and the centre is 
impoverished. 

It is probably fair to state that the general opinion 
is opposed to the first type of explanation and in 





favour of the second type. The outward movement 
of the liquid has been attributed by various authors 
to forces arising from crystallisation pressure, vapour 
pressure, contraction pressure, the pressure of 
evolved gas, and interdendritic flow due to volume 
contraction on solidification. Some of these ideas 
have been discredited, others are applicable in special 
cases, and there is possibly no instance of inverse 
segregation which can be attributed exclusively to a 
singlé cause. P. Brenner and W. Roth® have put 
forward arguments for supposing that there is one 
underlying cause always present, namely, volume 
contraction on solidification, and that, so far from 
being unexpected from the equilibrium diagram 
interpreted in the light of volume contraction, the 
type of segregation referred to as “inverse”’ has 
good claim to be regarded as the normal type of 
segregation. 

In a pure metal or eutectic alloy the solidification 
front separating the solid from the liquid is a single 
smooth surface (Fig. 2). Solidification proceeds 



































a, width of solidification zone ; p, projection of a on cross 
section; 0, region of surface exudations; h, head of metal 
producing exuclation. 


Fics. 4 To 6—Forms of the Solidification Zone with Heat Lost 
Mainly Sideways (Fig. 4), Mainly Downwards (Fig. 5), 
and Wholly Downwards (Fig. 6) 


steadily and there is no segregation. An alloy which 
has a temperature range of solidification will also 
have an extended zone of solidification containing 
primary crystals and enriched liquid (Fig. 3). The 
temperature range of the region of the growing 
primary crystals can be read off approximately from 
the equilibrium diagram. The tips of the dendrites 
are in equilibrium with the liquid at the liquidus 
temperature and the boundary of the part shown as 
completely solid is at the solidus temperature. In 
the actual freezing zone a volume contraction is 
occurring during solidification and the fluid melt 
is being drawn into the space between the arms of 
the dendrites where it deposits primary crystals 
and becomes still further enriched with the low 
melting point constituent. It is thus only an already 
enriched liquid which takes part in the outward 
movement through the zone of solidification. 

The degree of inverse segregation will be greater : 

(1) The greater the difference in concentration 
between the primary crystals and the residual liquid, 
1.e., the greater the average horizontal distance 
between liquidus and solidus (Fig. 1). 

(2) The greater the volume contraction on 
solidification. 
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The extent of the segregated region depends on 
the width of the zone of solidification which, in turn, 
is determined by : 

(1) The magnitude of the freezing range, 1.e., 
the vertical distance between liquidus and solidus 
(Fig. 1). 

(2) The rate of cooling of the ingot. The quicker 
the cooling the steeper the temperature gradient 
and the narrower the zone of solidification. 

(3) The thermal conductivity of the solid alloy. 
With increase in conductivity the temperature 
gradient is reduced and the solidification zone 
widened. Thus high conductivity and slow ocoling 
have similar effects. Inverse segregation can be 
eliminated either by very rapid cooling because the 
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Fic. 7—Distribution of Copper in a Cast Bar, 150mm. Dia- 
meter and 300mm. High of a Magnesium-copper- 
aluminium Alloy which had Solidified Almost Completely 
from the Bottom Upwards (Time of Solidification About 
Half-Hour) 


solidification zone is narrowed almost to a plane, 
or by very slow cooling because the solidification 
zone is extended to the full radius of the ingot. 
These diagrams and remarks refer to a cylinder 
of metal solidifying from the sides inwards, away 
from end effects. If the solidification occurs not 
only radially from the surface to the axis, but also 
partly upwards, so that a funnel-shaped zone of 
solidification is produced (Fig. 4), the region of 
segregation will depend, not on the width of the 
zone of solidification, but rather on its projection 
on the cross section of the ingot. The more nearly 
the growth is from the base rather than from the 
sides, the smaller will be the projected area (Fig. 5). 
When the crystal growth is entirely from the base 
upwards, the projected area becomes nil (Fig. 6). 
In this case there is no segregation across the ingot, 
but only a slight enrichment of the segregating con- 
stituent at the bottom and impoverishment at the 
top throughout the whole cross section. 





A further | 





advantage of directional solidification, as shown in 
Fig. 6, is that greater soundness is obtained. In 
Fig. 4 it can be seen that regions of enriched liquid 
may be cut off entirely by the interlocking of dendrites 
growing from the sides. The contraction on solidifica- 
tion of these isolated regions gives rise to micro- 
shrinkage appearing as minute cavities or cracks. 
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Fic. 8—Dependence of Inverse Segregation on the Depth of the 
Sump of Liquid Metal Present During Casting of a 
300 mm. Diameter Round Bar of Magnesium-copper- 
aluminium Alloy, Pouring Being Continuous 


On the other hand, by keeping the zone of solidifica- 
tion more flat, complete central soundness is obtained. 

The effects of modifying conditions of casting 
are illustrated by some experimental results obtained 
with aluminium alloys of the duralumin type. 
For example, Fig. 7 represents the segregation 
in a cast bar, 150 mm. in diameter and 300 mm. long, 
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Fic. 9—Copper Segregation in Three Bars, 300 mm. Diameter 
Cast by Different Methods 


so produced that it solidified almost completely 
from the bottom upwards. The mould had a water- 
cooled, light-metal base, and walls of sheet iron 
0-5mm. thick, surrounded by an insulating layer 
of 50 mm. of glass wool. After the mould had been 
quickly filled the top was also insulated with 50 mm. 
of glass wool. The bottom of the ingot showed a 
slight increase in copper content. Over most of the 
length the copper was constant and at the head 
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there was a sharp decrease, partly connected with 
the fact that at a slightly lower cross section there 
was considerable enrichment in copper, stated to 
be due to gravitational segregation (i.e., draining 
of residual liquid into the cone of solidification) 
occurring towards the end of solidification which 
took a good half-hour. A series of experiments 
enabled Brenner and Roth to correlate the amount 
of copper segregation with the depth of the sump of 
metal above the conical solidifying zone in round 
bars 300mm. in diameter. The results (Fig. 8) 
clearly show the advantage of flattening the solidifica- 
tion front. The distribution of copper in three cast 
bars of 300 mm. diameter is shown in Fig. 9. Bar 1 
was obtained by the ordinary casting process ; 
bar 2 by rapid cooling, the copper enrichment at 
the centre being possibly due to gravitational segrega- 
tion, and bar 3 by special casting methods based 
on the utilisation of information given in their 
paper. The exact details of the casting of bar 3 
are not recorded, but the method was apparently 
similar to that by which the cast bar referred to in 
Fig. 7 was produced. 

Although the examples given are all taken from 
copper-containing alloys of aluminium, Brenner and 
Roth hold that the phenomenon of inverse segregation 
is probably fundamentally the same in all other 
alloys. They admit, however, that other properties 
or conditions which may exert a special influence 
on the process of segregation in different alloys 
must always be kept in mind. 
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White Spots in Fractures and 


Transverse Fissures in Rails 
By HUGH O'NEILL, D.Sc., M.Met. 


RECENT studies of broken test pieces of steel weld 
metal have given rise to interesting discussions 
concerning the causes of certain ‘‘ white spots” 
or “fish eyes’ which are occasionally seen upon 
the fracture faces. It may therefore be opportune 
to consider some observations on rails which have 
broken transversely during service in the track. 
These frequently exhibit on the fracture a large 
bright patch within which may be present either 
a granular “silvery spot” or, alternatively, a dark 
‘‘ oxidised spot.’’ Though the fish-eye type of 
peculiarity has generally been observed in static 
fractures produced by tension or bending, and the 
other properly belongs to dynamic fracture by 
fatigue, yet there are some interesting points of 
similarity between the two types. 

About 1911 it became recognised in the United 
States that American rails after service were liable 
to contain dangerous “ transverse fissures’ in the 
heads. These flaws are agreed to be smooth, plane 
fatigue cracks developing internally with a round 
or kidney-shaped frontier from a central nucleus 
. Situated towards the middle of the rail head. The. 
first separated faces are said)? to rub together and: 
develop a high degree of internal polish which 
accounts for their brightness when ultimately 


exposed. Researches in the University of Illinois* 
have shown that the fissures grow slowly due to the 





repeated application by loaded train wheels of a 
complex shearing stress rather than by alternating 
bending of the rail. Eventually, the effective section 
becomes reduced and overstressed, so that the final 
portion of fracture is rapid with an appropriately 
coarse and dull appearance. There is general agree- 
ment that breakdown probably commences at some 
point of local weakness, but it is a matter for dis- 
cussion as to whether this local defect need be on a 





Fic. 1—Internal White Spot with Dark Centre in Fatigue Frac- 
ture of Case-hardened Steel (Weigand and Scheinost) 


scale to constitute a first cause of failure. It is 
understood that non-metallic inclusions, or minute 
cavities, or else the slight “flakes” or hairline 
cracks known generally as ‘shatter cracks,’ are 
all potential primary sources of the trouble because 
of generating high local stress concentrations. The 
author would first draw attention, however, to a 
possible mode of production of transverse fissures 
whereby combined internal stresses could be the 
prime cause of fracture with the local defects only 
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Fic. 2—Combined Stresses in Head of Loaded Rail 


as secondary causes. This suggestion would also 
account for the fact that whilst the maximum theo- 
retical shearing stress due to wheel load is said to be 
located only about }in. below the tread, yet the 
transverse fissures originate at least }in. below the 
top surface. 

Wiegand and Sheinost,4 when determining the 
fatigue properties of ordinary and case-hardened 
steels, discovered a white spot effect. They found 
that whilst the former commenced to fracture 
normally from the outside surface inwards, the 
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origin of failure in the latter was always internal 
at about 1 mm. below the surface, and with a dark 
speck nucleus situated in the centre of a smooth 
light circular area. The appearance of such a fracture 
is shown in Fig. 1, and a similar feature has been 
observed in nitrogen-hardened steels by Cazaud.® 
The explanation offered for this effect was that the 
initial internal stress distribution due to case harden- 
ing, plus the cycle of stress due to fatigue, gave a 





Fic. 3—White Patch with Dark Centre in Fatigue Fracture of 
Weld Metal (Haigh and Robertson) 


combined peak stress situated below the surface 
from which fracture developed. Quite probably 
triple tensile stresses were present, and led to local 
brittle fracture. Such a state of affairs cannot be 
excluded from rails in service, for explorations 
have shown that considerable initial internal stresses 
due to rolling, cooling, and straightening may be 
present. In Fig. 2 the shear stress due to wheel load, 
as calculated by Hoersch at Illinois, is shown 
graphically in conjunction with an initial rail internal 
stress, such that a combined peak stress is produced 
towards the centre of the head. The investigations 
of Meier® and of Schénrock’ show the existence of 

















Fic. 4—Fatigue Fracture in Double V Weld (Schick) 


internal stress distributions of this form, though 
the values do not correspond quantitatively with 
those in Fig. 2. Fracture would presumably com- 
mence internally round the nearest available inclusion 
or defect, and with the production of the white patch 
found by Wiegand and Scheinost. 

Although such a mechanism might account for 
the ‘‘silvery spot,” the most general view about 
transverse fissures is that they originate at fine 
internal discontinuities called ‘‘ shatter cracks,” 
and that these in turn are probably due to occluded 
hydrogen in the steel.6 The small shatter crack 
itself generally shows bright granular facets just like 








the hairline cracks found in certain alloy steels ; 
but it will be surrounded by the white smooth fatigue 
zone. Is this outer whiteness due to the polishing 
effects of alternating strain as has been said, or to 
special conditions of rupture ? We know that fish 
eyes in static fractures are smooth and white, but 
polishing cannot be responsible for their brightness. 
An illuminating fatigue fracture in weld metal 





Fic. 5—Transverse Fissures in Rails (Drake) 


which gives evidence on this point is reproduced 
in Fig. 3. Describing it Haigh and Robertson® say : 
““... The crack is seen to have started internally 
from a small area that is discoloured—doubtless 
by oxidation when it cracked at a high temperature 
immediately after starting to cool. The crack spreads 
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Fic. 6—Tensile Fracture of Weld Metal Showing “‘ Fisheyes ” 
(Sims and Zapffe) 


outwards without discolouration so long as no air 
enters, but as soon as it reaches the exterior of the 
test piece becomes again discoloured by the action 
of the atmospheric air that immediately enters at 
this stage. It is notable that this change of action— 
first mentioned in 1917 in a paper contributed to the 
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Institute of Metals, illustrates the now recognised 
phenomenon that air, as well as water with air in 
solution, acts as a corrosive reagent in ‘ corrosion 
fatigue.’’’ This view receives independent support 
from an illustration!® of a transverse fissure which 
had “‘ cracked out ”’ to the edge of a rail, and revealed 
not a bright, but a dark colouration of the flaw 
**due to air having entered the crack and oxidised 
the fractured surface.” It remains to be proved 
whether the absence of discolouration is entirely 
due to the absence of air, and Fig. 4, from a fatigue 
fracture by Schick, seems to show a white spot which 
has not reached the exterior of the X-weld test piece, 
whilst Fig. 5 illustrates white transverse fissures 
in a rail which do not run through to the surface. 
These particular fissures? were detected by the Sperry 
magnetic tester, and it is probable that the rails 

















Fic. 7—Colony of Inclusions ‘at Centre of White Spot in 
Tyre (L.M.S.) x 120 


were deliberately broken open before fracture had 
developed sufficiently far to support or contradict 
the view of Haigh and Robertson. 

The evidence from static fractures which display 
“fish eyes’ proves that these tiny white patches 
can be formed without any rubbing or polishing 
action. According to Duma’? they are present in 
weld metal as circular and slightly conical spots, 
1/,,in.—jin. diameter, exhibiting a brittle fracture 
of two or more concentric rings in contrast with the 
grey ductile matrix, and often containing one or 
more radial cracks emanating from a central inclusion 
or void. They are present in both the refined and 
unrefined areas of weld beads, and Duma advances 
considerable evidence to show that they are due to 
hydrogen plus the combined effect of casting (welding) 
stress and applied testing stress. Here, again, we have 
the possibility of combined triple tensions. Ferguson!* 
had previously shown them to be transverse fracture 
effects occurring around an inclusion nucleus. 
Benson" also believes that they may be produced 





in weld metal by stress concentrations at globular 
slag inclusions developed from non-metallic streaks 
in the parent plate. Fig. 6 is the tensile fracture 
of a weld metal specimen which Sims and Zapffe® 
report as showing white spots with visible holes 
which contained hydrogen, and with the usual 
radial cracks around the fisheye nuclei produced, 
they believe, by aerostatic stress. 

Ronay?® has criticised the view of Ferguson that 
non-metallic inclusions are responsible for the white 
spots, remarking that.ordinary wrought metal would 
show the same feature; ‘‘ vet there is no record 
available . . . of fish eyes ever being found in testing 
commercial steel products.’”’ The present writer 
is able to produce such a record, for in 1934 he 
investigated some acid steel tyres which exhibited 
white spots or fish eyes on the tensile fractures. 
The appearance was entirely like that ascribed to 
weld metal fish eyes, including the presence of micro- 
cracks running from the nucleus, and there was 
always a considerable non-metallic inclusion at the 
centre of the white spot. Just recently a heat- 
treated locomotive tyre of acid steel showed variable 
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Fic. 8—Tensile Fracture of Glass Showing “‘ Fisheye’ 
(M. Eichler) 


tensile properties, and whilst one test piece gave 
20 per cent. elongation, three others had an extension 
of only about 7 per cent. All the latter displayed 
white spots in the fracture, and in the centre of each 
spot was found a colony of non-metallic inclusions 
as‘shown in Fig. 7. Examination of a section of the 
tyre by hot etching revealed neither flakes nor 
segregation, and in this case stress concentration 
at a particular type of inclusion colony appears to 
have accounted for the peculiarity. 

There is further independent evidence of the 
occasional presence of white spots in the static 
fractures of commercial steel products, and this 
points not only to inclusions, but also to hydrogen, 
as the source of the trouble. Drescher and Schafer?” 
found that the tensile test fractures from certain 
aluminium-killed steel castings were full of small 
white flakes. If the normalised castings were heated 
for two days at relatively low temperatures, then 
the flaking effect disappeared and the elongation 
values were greatly enhanced. These investigators 
concluded that hydrogen was the source of the 
peculiarity just as Bennek, Schenck and Miller,’ 
for instance, attribute hairline cracks (snowflakes) 
to hydrogen. The disappearance of the white spots 
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in the castings was apparently associated with some 
type of “hydrogen ageing,” and the same process 
is thought to be responsible for an improvement 
in the elongation properties of basic steel rails as a 
result of standing for several weeks after rolling.’ 
It is known that basic open-hearth and basic electric 
steels in general are more prone to hairline cracks 
than acid steels,2° so there seems to be a possibility 
that basic rails would be liable to show more shatter 
cracking than acid rails. 

Summarising the available evidence it appears 
that white specks on fractures may be seen under the 
following circumstances :— 








Observations on | Type of Reputed 
fracture. | deformation. prime cause. 
Hair-line cracks (flakes)| Static tensile | Hydrogen 
or bending 
Fish eyes in weld metal = Inclusions and/or 
hydrogen 
White spots in tyres ... » Inclusions (hydrogen 
not determined) 
White spots in cast- re Hydrogen 
ings 
White spots in weld Fatigue Inclusions or weld crack 
metal 
White spot in case-har- Combination of stresses 
dened or nitrided steel producing local peak 
below surface 





Transverse fissures in| os 
rails— } 


(a) With “silvery | | Shatter cracks (due to 


spot hydrogen) 
(6) With “ oxidised Inclusions or combined 
spot ” stress peak 











The question arises as to whether the static fractures 
differ inherently from those produced dynamically. 
In this connection reference may be made to a paper 
by Smekal*! which demonstrates how the fatigue 
fractures of ductile materials strongly resemble 
the static fractures of brittle materials. Fig. 8, 
for instance, shows the tensile fracture surface of a 
rod of glass, within which may be seen what Smekal 
calls a ‘‘ mirror” portion containing an internal 
flaw, but which obviously resembles a “fish eye.” 
All tensile fractures in glass show this primary 
‘‘ mirror’? surface with a secondary “rough” 
surface, the location of the former depending upon 
the stress clistribution. Fatigue fractures in ductile 
materials show a primary “ bright ”’ portion followed 
by a rough secondary area, and Smekal’s argument 
is that the alternating stress process first makes the 
ductile material become brittle at an area of stress 
concentration, after which the next application of 
stress causes complete separation such as occurs 
with a single overstressing of glass. Since the 
white spot in the glass fracture appears to be inde- 
pendent of hydrogen or any other gas concentration, 
it may be suggested that smooth white spot fractures 
in steels are due to local concentrations of triple 
tensile stress. Such stress systems lead to localised 
brittle failure, and this generally produces smooth 
bright surfaces of separation. Non-metallic inclusions 
could react to the applied testing stress so as to 
facilitate the creation of these triple tensile forces, 
in which case one would expect larger flakes on 
fractures of bars from the transverse direction 
than from the longitudinal. This general view is 
consistent with Foley’s?® opinion. that “flakes ” 
having a comparatively smooth surface are not 
true discontinuities, but rather areas of low ductility. 
On the other hand, granular bright patches, such 
as shatter cracks, would correspond with a second 





category which Foley calls “‘ cooling cracks” and 
which may well be due to hydrogen. 
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Practical Microscopical Metallography. Third edition. 
1939. By R. H. Greaves and H. WricHToN. 
London: Chapman and Hall, Ltd., 11, Henrietta 
Street, W.C.2. Price 18s. 

In order to find out the inward truth about metals 
the practical man uses his eyes rather than his imagina- 
tion ; hence the need for metallography. In the last 
decade the theory of the metallic state has been 
developing fast and so furiously that thermo- 
dynamics and probability have swept the subject out 
of the domain of statics and calculus. Some people 
find it helpful to visualise a metal crystal as a lattice 
of atomic loci in which electrons swarm freely, like 
the molecules of a perfect gas ; others do not. These 
changes of theory are of tremendous importance to 
us all, since they are leading to a position from which 
we shall be able to apprehend as reasonable the 
ordinary properties of matter in the solid state, and 
to predict its deviations from perfect rigidity. Some 
day we shall be able to agree on a quantitative expres- 
sion for toughness. Until this position is so well 
established that it can be expounded in plain language, 
our best approach to understanding metals is the 
visual one, and for that we must use the microscope 
as well as the practised eye. 

This, the third, edition of a book which is already a 
standard work of reference in many laboratories, is 
written by two members of the research staff at 
Woolwich ; to say more about their work might 
arouse the censor’s uneasiness. Their position as con- 
sumers and critics as well as makers of metal products 
gives them a point of view which combines that of the 
university with that of the manufacturer and 
inspector. The introduction points out that ‘‘ The 
various defects to which commercial metals and alloys 
are liable are almost invariably associated with 
abnormalities of structure. It is to illustrate this 
aspect of the subject that the following pages are 
mainly directed.”’ They go on to explain that a mere 
collection of photographs of microstructures of metals 
is irrational unless related to the results of other 
methods of investigation. 
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The usual method of summarising the result of these 
combined investigations on a series of alloys is a chart 
of the various conditions assumed at different tem- 
peratures by an alloy of any composition within the 
system dealt with; such a chart is called a consti- 
tutional diagram. For all the commercially important 
metals alloys are involved, since the behaviour of 
even a pure metal is best defined in terms of the 
limiting conditions of the series of alloys it forms with 
its usual impurities. 

There are about two dozen constitutional diagrams 
in this book, the minimum number necessary to out- 
line the structural theories for the commoner ferrous 
and non-ferrous metals. These diagrams must be 
taken seriously, there is no short cut to understanding 
them ; and their interpretation is so complex, so rich 
within its strict limitations, that it may be doubted 
whether anyone who has never helped to compile 
such a diagram will ever feel at home while using it. 
Gradually one discovers that there is a simplicity 
underlying their complications, and that the showers 
of Greek letters which adorn them are not an 
affectation, but are really a help in tracing the 
similarity between different alloy systems. These 
Greek letters are certainly easier to use than the 
commemorative or semi-descriptive terms which 
were given to the constituents of steel in the early 
days of metallurgy. Austenite, martensite, sorbite, 
pearlite and troostite are rough harsh words compared 
with the names of kinds of timber which preceded 
them as man’s main structural material. About two- 
thirds of the book consists of this simple and effi- 
ciently condensed outline of metallurgy, roughly half 
this portion referring to ferrous and half to non- 
ferrous metals. 

The first third of the book is of great value to every 


practical metallurgist, as it gives an up-to-date out- 
line of the most recent methods of preparing specimens 
for microscopic examination and of using the micro- 
scope and the camera together or separately. The 
section on the photography of metals at normal size 


or low magnification is particularly helpful. The 

reviewer, who finds photography much more interest- 

ing than metallurgy, would have liked even more 
space given to this subject. 

The general principles of polishing and etching 
metal specimens for examination are summarised at 
the beginning of the book, and supplemented by useful 
details for each type of alloy’at the end of its chapter 
in the book; this is the most convenient arrangement 
of the information. The indexes of subject-matter 
and of photomicrographs also make the book very 
easy to use. 

It would be impossible to produce a book of this 
sort which is beyond criticism ; but this work has 
proved so useful to the reviewer in the last few months 
that he can complain only of a few omissions, not of 
any positive defects. The use of polarised light for 
the examination of inclusions in metals might have 
been referred to, and very little is said about the 
measurement of grain size except in steel. 

The Technology of Magnesium and its Alloys. <A 
translation of Magnesium und seine Legierungen. 
Compiled by ApotF Breck. Royal 8vo, pp. xxiv 

+512. 1940. London: F. A. Hughes and Co., 

Ltd., Abbey House, N.W.1. 30s. 

THERE has recently been a great extension of interest 

in and demands for magnesium products as a result 

of many years of research and industrial development 
and of the wider acceptance by engineers of mag- 
nesium alloys for light-weight construction, particu- 





larly in connection with aircraft. This volume 
comprises a translation by the technical staffs of 
F. A. Hughes and Co., Ltd., and Magnesium-Elektron, 
Ltd., of the German book ‘“‘ Magnesium und seine 
Legierungen,” which was written by a group of con- 
tributors under the direction of Dr. A. Beck. They 
were all specialists employed by the I.G. Farben- 
industrie A.-G. in Bitterfeld. This firm, with its 
parent companies, e.g., the Chemische Fabrik 
Griesheim-Elektron and others, were pioneers in the 
establishment of the magnesium industry in Ger- 
many and the various authors have been able to draw 
upon their experience of the development in the pro- 
duction and uses of magnesium and its alloys which 
has been going on for many years. Apart from the 
monograph on “ Magnesium and its Alloys,” by 
J. L. Haughton and W. E. Prytherch, dealing with 
N.P.L. researches on magnesium up to 1937 and some 
excellent pamphlets published by the industry, 
nothing on the subject has appeared in English out- 
side the scientific journals except in the form of brief 
sections in books having a wider range of subject- 
matter. No such comprehensive treatment of 
magnesium and its alloys as is found in this book has 
previously been attempted, and the translators are 
to be congratulated on making it available to 
English readers. It is not only that the translation 
itself is excellent, but certain features of the German 
original, such as the exclusive use of German specifi- 
cation numbers and the omission of references to 
non-German achievement, have been corrected in a 
series of valuable footnotes. The whole subject is 
reviewed in a thorough manner and much information 
not previously published is included. There are 
chapters on Raw Materials and Production, Physical 
Properties of Magnesium Single Crystals, Metallo- 
graphy, Physical and Mechanical Properties, Corro- 
sion and Surface Protection, the Technique of 
Melting, Casting, Die Casting, Extrusion, Forging, 
Rolling and Machining, the Principles of Design, 
Magnesium as an Alloying Constituent in Aluminium 
and in the Heavy Metals, Magnesium in Pyrotechnics, 
Economic Importance of Magnesium, Chemical 
Analysis and Summary of Patent Specifications. As 
is evident from the second and third chapters, which 
deal, among other things, with crystallography, 
mechanism of deformation and constitution of the 
magnesium alloy systems, scientific principles are 
placed in the foreground and the physical chemistry 
of magnesium and its alloys is not regarded merely 
as of academic interest, but as the real basis of all 
technical progress. Mechanical properties, which 
are of more direct engineering interest, are dealt with 
in considerable detail in a chapter of over 140 pages, 
and the description of the technique of casting and 
mechanical treatment is also very full. In view of 
the necessity of making use of remelted scrap still 
more information would be desirable on methods of 
refining the melts and especially on methods of 
removing metallic impurities, such as iron, from 
magnesium alloys. The extrusion process is dealt 
with in detail with numerous illustrations of the effect 
of migration of the surface skin on the quality of the 
extruded bar, and of the importance of placing the 
end of the billet which may contain piping against the 
die so that it passes out with the front sections of the 
bar and does not contaminate a large proportion of 
the whole length. 

The book is well illustrated and attractively pro- 
duced. It should be of very great value, not only to 
those engaged in the light alloy industry, but to all 
users and potential users of magnésium alloys. 





